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Abstract

How does commodity price volatility affect the waeté of rural households in
developing countries, for whom hedging and consionpsmoothing are often
difficult? And when governments choose to interveneorder to stabilize
commodity prices, as they often do, who gains thsttThis article develops an
analytical framework and an empirical strategy neveer those questions, along
with illustrative empirical results based on pawklta from rural Ethiopian
households. Contrary to conventional wisdom, wel finat the welfare gains
from eliminating price volatility are increasing imousehold income, making
food price stabilization a distributionally regriegspolicy in this context.
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Throughout history and all over the world, governisehave frequently set commodity price stability —
the reduction of price fluctuations around a meaceplevel — as an important goal of economic polic
Governments have tried to stabilize prices usingosat of policy instruments, from buffer stocks to
administrative pricing and from variable tariffs nearketing boards. These efforts have typicallynbee
met with limited success. There was a period ohiigant policy research on the topic in the 1970s
(Newbery and Stiglitz 1981), but by the early 199dise stabilization had largely fallen off the oyl
research agenda.

Since the mid-1990s, however, commodity prices Haeen on a rollercoaster ride (Cashin and
McDermott 2002; Jacks et al. 2009; Roache 201®)dRwice ten-year volatility reached its highestele
in almost 30 years in December 2010 (FAO 2010).dRmace volatility — what we will also refer to as
“price uncertainty” or “price risk” throughout thaticle — over the past decade or so, punctuatetid
food crises of 2008 and of 2010-2011 as well adbipgest one-month jump in wheat prices in mora tha
three decades in summer 2010, has rekindled widadpipopular interest in commodity price
stabilization. Several governments have recenthyneuced food price stabilization schemes. A s$amp
search finds more than five times as many artictethe topic in the media over the last five yesssn
the preceding five yeafsMeanwhile, major international agencies such @& Rbod and Agriculture
Organization of the United Nations, the InternasioRund for Agricultural Development and the World
Bank have prominently discussed policy optionsftayd price stabilization for the first time in ysar
(WB 2008; FAO 2010; IFAD 2011).

The impulse toward state interventions to stabifieaeestic food prices commonly arises because (i)
households are widely believed to value price btapi(ii) the poor are widely perceived to suffer
disproportionately from food price instability; aiid) futures and options markets for hedging agai
food price risk are commonly inaccessible to corensmand most producers in developing countries
(Newbery 1989; Timmer 1989). Although few expertswd dispute claim (iii) above, convincing
empirical tests of claims (i) and (ii) are noticahbsent from the published literature. Indeegenqithe
policy importance of the topic, and economists’ tpsleepticism about the net economic benefit of
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government price stabilization interventions (Newyband Stiglitz 1981; Krueger et al. 1988; Knudsen
and Nash 1990), our theoretical and empirical tt®lifor understanding the relationship betweenepric
volatility and household welfare remain puzzlinglgated and limited, especially when it comes to
empirical applications.

In this article, we address that important gap he titerature by studying whether indeed (i)
households value price stability and (ii) the psaffer disproportionately from food price instatyili
These are empirical questions requiring househalé @nd a clear, rigorous strategy for relating a
measure of household welfare to a measure of foimeé polatility. A simple regression of household
welfare indicators (e.g., income, wealth, expendd) on food price variance is infeasible for salver
reasong. We therefore tap the established theoreticaldlitee on price risk to derive an estimable
measure of multi-commodity price risk aversion ath@ associated willingness to pay for price
stabilization® We then use a well-respected household panelséafaom rural Ethiopia with controls for
household and district-round fixed effects to gateillustrative estimates of multiple commaoditycpr
risk aversion across the household income distdhdt As Sarris et al. (2011, 48) note in their
investigation of potential policy responses to fqwite volatility in low-income countries, “the nmai
problem is not price or quantity variatioper se but rather unforeseen and undesirable departtoes
expectations” regarding commaodity prices.

More precisely, we combine the theoretical framdwanf Turnovsky et al. (1980) and Schmitz et al.
(1981) with the empirical framework developed byKelshtain and Chalfant (1991) and extended by
Barrett (1996). Recall that Turnovsky et al. showed a pure consumer’s preference for price stgbili
depended only on a handful of parameters and thared a similar measure for multiple commaodities.
Our analysis innovates by looking at agricultural$eholds — who are not pure consumers, as they can
both consume and produce a number of commaodities -dariding a measure of willingness to pay for
price stabilization as a proportion of householdome. Specifically, we derive an estimable matifix o
price risk aversion over multiple commodities. Bhsa that matrix of price risk aversion coefficignive
further show how to derive household willingnespay (WTP) to stabilize at their means the pridea o
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set of commodities. As we show in the empiricalliss the largest net producers exhibit the greates
willingness to pay for price stabilization, undemsng the practical importance of this extension.

We then apply this measure to estimate the heteemges welfare effects of food price volatility
among rural Ethiopian households who both prodickconsume several commodities characterized by
stochastic prices. Prices in our data are highlyatée: the coefficients of variation (i.e., stardla
deviation/mean) range from 18 to 39 percent amiegcbmmodity prices we study. We find that the
average household is willing to give up 18 perc#nts income to fully stabilize the price of theven
most important food commodities in the data. We éilsd that ignoring the covariances between prices
would lead to very slightly underestimating houddh&/ TP to stabilize prices in this context. Finally
nonparametric analysis suggests that in the rufabgian context the welfare gains of price stahifion
are increasing in household income, contrary toventional wisdom. In other words, although virtyall
everyone benefits from price stabilization, wea&thhouseholds benefit more than poorer households.
This is similar recent findings by Mason and My€&813), who find that the Zambian Food Reserve
Agency, whose goal was to stabilize maize pricagely benefitted relatively wealthy producers with
having any noticeable effect on poor households.

Our empirical estimates are merely a first, negédgsmperfect contribution that we hope reignites
empirical economic research on pressing policy tipres concerning commodity price stabilization. §hi
guestion is intrinsically problematic for empiricatsearch because it requires plausible statistical
exogeneity of both incomes and multiple commodit@sce distributions. Joint randomization of, or
instrumentation for, the full vector is infeasilateour context. When we get to the empirical ilfation,
we argue that our identification strategy — whiehliess on longitudinal data, household fixed effeatsd
location-time fixed effects — is the best one can at least with the these data and perhaps wigh an
existing household data set. But we emphasize rtfpoiitance of careful attention to and forthright
declaration of likely sources of bias in estimati®his is far too important an economic policy gies

to ignore out of concern for statistical perfectitiat is intrinsically unattainable in general ditpuium



problems such as those associated with nonsepaagieultural household models of the sort we

employ.

Theoretical Framework

This section explores the welfare implications afitiple commaodity price volatility by specifyingtavo-
period unitary agricultural household model (segptementary appendix A online for the basic model)
and then deriving the household’s matrix of prisk mversion coefficients. The agricultural houddho
model framework (Singh, Squire and Strauss 198&ompasses households’ dual roles as both
consumers and producers of the commodities comsiderhis allows us to summarize demand and
supply side factors in a single variable: marketahlrplus (i.e., the difference between productiod
consumption). Households can be net buyers, nérselor autarkic, and can switch among these
positions over time.

The effects of price volatility on producer behavend profit have been well-explored in the
theoretical literature. Output price uncertaintyngeally causes firms to employ fewer inputs, fongpi
expected profits in order to hedge against priciatiity (Baron 1970; Sandmo 1971; Schmitz et al.
1981)° The analysis of commodity price risk has been reded theoretically to individual consumers
(Deschamps 1973; Hanoch 1977; Turnovsky et al. 188Qvbery and Stiglitz 1981) who, given the
guasi-convexity of the indirect utility functionteagenerally thought to be price risk loving fosgecific
commodity when the budget share of that commoditynot too large. But because agricultural
households can be both producers and consumete ddame commodities, it is entirely possible for
some households to be price risk averse, for otioelbe price risk neutral, and for yet others tqplhee
risk loving, although prior empirical analyses hdweused on just a single commodity (Finkelshtaid a
Chalfant 1991, 1997; Barrett 1996). And while Tuwisly et al. (1980) considered the price volatitify
multiple commodities, they only did so theoretigadind for pure consumers. Given that indirect tytili
functions — the usual measure of welfare in micooemic theory — are defined over both income and a
vector of prices, the literature’s focus on incorms&, extended at most to a single stochastic pgaats
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an incomplete picture of attitudes toward risk aallvas the impacts thereof. More concretely, the
literature is of limited usefulness in informingetlygrowing popular debates that surround food price
volatility and food price stabilization policiesspecially in developing countries where many hoakizh
both consume and produce the commaodities in questio

Our interest in price instability requires at a iminm a two-period modélwith at least one period in
which agents make decisions subject to temporaéntmiaty with respect to prices. In what followse w
assume away other sources of volatility (e.g., ougmd income volatility, the impacts of which avell-
documented in the literature), so as to focus gaelthe impacts of price volatility on householdlfare.

A simpler, single commodity version of this framewavas used by Barrett (1996) to explain the
existence of the inverse farm size—productivityatiehship as a result of staple food crop prick. ris
what follows, we extend Barrett's framework to tiase of multiple goods with stochastic prices.

We abstract from credit market, storage, and infbitinansfer considerations. While incorporating the
credit and informal transfer aspects of househeldalior would undoubtedly make for a more realistic
model of household behavior, we opt for a simplegectfication so as to focus on the behavior of
households in the face of temporal price risk. égards storage, Tadesse and Guttormsen (2011,)88-89
note that in Ethiopia, “smallholder farmers seb thulk of their produce right after harvest to payes
and loans and to meet their cash requirementsof@alsservices, (...) few farmers store grain forgon
periods in order to benefit from temporal arbitrdgend how “storage cost is generally very high in
Ethiopia.” Enhancements to our admittedly parsiragsiframework, which will have to be combined

with more detailed empirical data, are thus leftftdure research.

Price Risk Aversion over Multiple Commodities

Suppose a household maximizes their utility of comstion subject to a budget constraint that reflect
production decisions made subject to uncertaingutithe vectop = (p,, ..., px) 0f commodity prices
faced by the household in a subsequent period. Hbhusehold can both consume and produce each
commodity, yielding a vector of marketable surplpsoduction less consumption) of the observed
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commodities.x = (xq, ..., x;). Negative (positive) values of anyindicate net consumption (surplus).
The household receives incomdrom a number of sources: the crops it sellslalt®r endowment, its
endowment of other inputs, and transfers (e.g.jttentes). As demonstrated in the more detailedainod
found in the online appendix A, this model impleesariable indirect utility functio&V (p, y), whereE
is the expectation operator. Lgtdenote the price of commodityndp; denote the price of commodity
j. Likewise, letV}, denote the first derivative of the indirect ugiliunction with respect to incomé&,,,,
denote the vector of second derivatives of therdudiutility function with respect to prices, alig,
denote the vector of second derivatives of ther@udliutility function with respect to income andces,
respectively.

We start from the matrix of second derivativeshaf household’s indirect utility function relative t

the vector of prices faced by the household,¥.g,, which is such that

VP1P1 VP1PK
D) : : ,
Vprl VPKPK

and derive the following matriA of price risk aversion coefficients in online apgix B:

) ) Vb%m Vm.px Ay o A
(2) A=—V—y'Vpp=—V—y- : . : =1 : . o,
Vpr1 VPKPK Agr - Agx

where

@) A= —I,‘:—] [6;(n; = R) + &3],

M; is the marketable surplus of commodityi.e., the household’s net supply of commodityr the
quantity supplied minus the quantity demanded gy ttbusehold of commodity, p; is the price of
commodityj, B; is the budget share of the marketable surpluoofeodityj (i.e., 8; = p;jM;/y), n; is

the income elasticity of marketable surplus of cadity j, R is the Arrow-Pratt coefficient of relative

risk aversion of the household, adis the cross-price elasticity of the marketablgpkis of commodity



i relative to the price of commodity The elements of the matrik vary among households, leading to
heterogeneity of price risk preferences in popafati

There are no theoretical restrictions on the sigany of the elements of. Indeed, the sign of;;
depends on (i) whether the household is a net byamet seller of commodityi.e., on the sign a¥/;;

(ii) the sign of the budget share of the marketahleplus of commaodity, i.e., §;; (iii) whether the
household’s coefficient of relative risk aversinis less or greater than the income elasticityhef t
marketable surplus of commodify i.e.,n;; and (iv) the sign and magnitude of the elasticifythe
marketable surplus of commodityvith respect to pricg i.e.¢;;.

That said, however, matrid has a straightforward interpretation: the diagoeEments are
analogous to Pratt's (1964) coefficient of absolineome) risk aversion, but with respect to indixl
prices instead of income. Therefore,

1. A; > 0implies that welfare is decreasing in the volgtibf the price of, i.e., that the household

is price risk averse over

2. A;; = 0 implies that welfare is unaffected by the volatilf the price of, i.e., that the household

is price risk neutral, and

3. A; < 0 implies that welfare is increasing in the vol&ilof the price of, i.e., that the household

is price risk loving over.
Price risk aversion is the classic concern of itegdture on commodity price stabilization (Descham
1973; Hanoch 1974; Turnovsky 1978; Turnovsky e1880; Newbery and Stiglitz 1981).

The diagonal elementd;; measure théirectimpacts on welfare of the volatility in each price.,
the impact on welfare of the variance of each pim#ding everything else constant. But prices a&imo
never fluctuate alone — commodities are, to varglagrees, typically substitutes for or compleméats
one anothef. The interpretation of the off-diagonal terms isitrickier. Because prices commonly co-
vary, the off-diagonal elements of the matrix ofcerrisk aversion measure thadirect impacts on

welfare of the volatility in each price, i.e., tepacts on welfare of the covariance between angprice



and the prices of all the other commaodities considicholding everything else constant. This reflebe
impact on welfare of changes in covariation withiportfolio.

To obtain the welfare impacts of price volatilighe thus needs to consider both (i) the variance in
each commodity price series as well as (ii) theadawnces among these price series. Ignoring the
covariances between prices leads in principle biased estimate of thetal (i.e., direct and indirect)
welfare impacts of price vector volatility, althduthe sign of the bias is impossible to deterngr@nte
The off-diagonal terms (i.e., the indirect effeatrice risk, or price covariance effects) of thatrix of
price risk aversion have so far been ignored inliteeature. Our analysis is the first to quantiheir
importance relative to the diagonal terms (i.ee, direct effects of price risk, or price varian¢ieets) of
the matrix of price risk aversion. Taken as a whtile matrixA of price risk aversion coefficient thus
speaks directly to household preferences with gpamultivariate price risk.

Although there are no restrictions on the sign e elements of matri¥d, the theory implies a
testable symmetry restriction on the estimatedeprisk aversion coefficients. With adequate dates o
can test the null hypothesis
4) Hy: Ajj = Ay foralli # j
which, for a matrix of price risk aversion defineder K commaodities, represeni§(K — 1)/2 testable
restrictions. Intuitively, the empirical content efuation (4) is simply that the impact on houseéhol
welfare of the covariance between pricesd] should be the same as the impact on householdneeaif
the covariance between prigeandi. This is analogous to symmetry of the Slutsky irathe following
proposition summarizes this result.

Proposition 1: Under the preceding assumptions, if the crossglartif the household’s indirect utility
function exist and are continuous at all pointssome open set, symmetry of the matrix of price risk
aversion coefficients is equivalent to symmetryhaf Slutsky matrix.

Proof: See online Appendix C.



Moreover, the symmetry of the Slutsky matrix and symmetry of the matrix of price risk aversion
coefficients have the same empirical content it thay both embody household rationality. So this
offers a useful alternative path to testing camanieoclassical assumptions of household behakadr t

are often difficult to test using Slutsky matrices.

Willingness to Pay for Price Stabilization

As we discussed in the introduction, policy makerstinely try to stabilize one or more commodity
prices. But what are the welfare effects of sudbref, if and when they are successful? This sulusec
derives the WTP measures necessary to establisielf@re gains from partial price stabilizatiore.;.
from stabilizing one or more commodity prices.

Recall that we model risky choice as a two periaatleh in which decisions are made in the first
period, before the realization of price uncertairsyd prices (and thus utility) are realized in sleeond
period. We can then define the WTP to eliminatepailte risk as the amount of money which, when
subtracted from wealth given expected price le¥é}s), results in the individual being indifferent tceth
random price and incomey, or,
®) E[V(E®@,y —WTP)] =E[V(, I,
where incomey may be random. Following the standard procedutéeniterature, we approximate the
left hand side of this equation using a first ordlaylor series expansion in directions of certasatyund
the mean price and income, and using a second @agdor series expansion around mean price and
income in all dimensions involving risk (see, foample, Arrow’s (1971) derivation of the coeffictesf
absolute risk aversion). Following the derivatiains online appendix D we ultimately obtain the

following measure of WTP to stabilize the priceabb commodities:
1 Vo iDi V, i
(6) WTP = —E ?=1Z{-€=1 O-ijV_]y + 221-(=1‘J;_:O'yi .

Assuming that income (which is likely to be locatlgtermined) is uncorrelated with prices (which are

likely to be globally determined)then this simplifies to
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1
(7) WTP = _E [Z?=1 Z;{=1 O-iinj ]
Thus, WTP is just the sum of the covariances afgzriweighted by the money metric impact of price
variation on indirect utility. If instead one istémested in stabilizing only the price of a singtenmodity

i, WTP simplifies to
1 Voip: 1%
(8) WTP; = ——a--%_ X i O 2

The WTP figures derived above provide the tranggment a policymaker would need to make to
the household in order to compensate the houséboltie uncertainty it bears ovpr Finkelshtain and
Chalfant (1997) introduced a similar measure, batrtframework considered only one stochastic price
which necessarily ignored the covariance betweisegr

Equation (8), however, indicates that eu#TP; (i.e., the WTP to stabilize the price of a single
commodityi) depends on the covariance between the priaad the prices of other commoditigs
Stabilizing the price of one commodity will have gheations for the production and consumption of
substitutes and complements that can impact wetfamugh portfolio effects. In other words, a price
stabilization policy focusing solely on the pricé @mmodity i would bias the estimated WTP for
commodityi, unlesss;; = 0 or A;; = 0 for all i # j. It is impossible to determiree priori the sign of the
bias, which depends on the sign of the covarianndson the sign of the off-diagonal terms of thdrina
of price risk aversion.

Lastly, note that in what follows, WTP is alwaygesssed as a proportion of household income, so
as to make WTP comparable across households. Bherdfie remainder of this article discusdesdP /y

rather tharWTP.

Data and Descriptive Statistics
We empirically illustrate the theory developed he tprevious section by estimating the price risk

aversion coefficient matrix and household WTP face stabilization using the 1994a, 1994b, 199%, an
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1997 rounds of the widely-used and well-respectttdoBian Rural Household Survey (ERHS) ddta.
Tadesse and Guttormsen (2011, 88) note that, ok
[a] rise or decline in price trend is not as badtas/ariability. ... [P]rice volatility and, more
recently, food price inflation remain the overriginational concerns. Post-reform grain prices
are subject to significant and continuing interaamrice volatility that ranks among the highest

in the developing world.

The ERHS recorded both household consumption aoduption decisions using a standardized survey
instrument across the rounds we retain for analyidi® sample includes a total of 1494 households
across 16 districtsMoredg with an attrition rate of only two percent acrdlse four rounds selected for
analysis (Dercon and Krishnan 1998 he average household in the data was observetinteg over
four rounds and three seasons (i.e., three-momibds.* with only seven households appearing only
once in the data. The estimations in this articlestrely on a sample of 8,518 observatitns.

In what follows, we focus on coffee, maize, beda])ey, wheat, teff, and sorghum, which are the
most important seven commodities in the data wigrsidering the fraction of households producing or
consuming them. Table 1 presents descriptive 8tati® positive mean marketable surplus indicttas
the average household is a net seller of a comyaalitd a negative mean marketable surplus indicates
that the average household is a net buyer of a amitym so the average household is a net buyer of
every commodity. For each commodity, a significamiber of households have a marketable surplus of
zero, however, because they neither bought nortealdcommaodity? Per equation (3), a household is
price risk neutral for any commaodity for which et marketable surplus equals zero. If a household
neither buys or sells of a given commodity, it mafiected by fluctuations in the price of that cooality.

Table 2 further characterizes the dependent vasay focusing on the nonzero marketable surplus
observations and by comparing descriptive stasisigtween net buyers and net sellers. Except ftgeco
and wheat, the purchases of the average net buymsehold exceed the sales of the average net seller
household. For every commodity, there are manyditwlds in both the net buyer, autarkic, and né¢rsel
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categories, reflecting potentially heterogeneoukane effects with respect to commodity price viitgt
in rural Ethiopia.

Table 3 lists the mean real (i.e., corrected fer cbnsumer price index) price in Ethiopian birr for
each of the seven commodities we sttidihe average seasonal household income, and thragave
seasonal nonzero household income in the full sanjple income measure used in this article isuhe s
of proceeds from labor income (both off-farm empheynt and non-farm self-employment), crop sales,
remittances, sales of assets, including livestackl sales of animal products for each period. Ayeera
income from the aforementioned sources is diffefir zero in only about 82 percent of cases, which
explains why the average seasonal income of a®ui($#$376 annually) may seem low. When focusing
on nonzero income, the average seasonal incomeaises to about $106 ($424 annually). These figures,
while seemingly low, encompass all the sourcesobne available in the data and reflect the extreme
poverty prevalent in rural Ethiopia.

Table 3 also presents the budget share of eacle stammodity. Food represents the overwhelming
majority of rural Ethiopian household expendituras)east 85 percent. This falls on the upper eénd o
global estimates of such budget shares, reflethiagextreme poverty of this population, the conspis
absence of much other than food to purchase i Eitgopia, and our inability to impute the valug o
land rental income and expenditure in the ERHS. datiachases of teff and coffee represent the larges
budget shares, with 21 and 15 percent of the agdnagsehold budget, respectively. Although a budget
share of 15 percent may seem very high for cofismll that coffee plays an important role in Efiam
culture, where the coffee ceremony is culturaliyptca (Pankhurst, 1997). Note that households both
purchase and sell green coffee beans, so thatatine sommaodity is being compared as part of the
marketable surplus of coffee.

Finally, because price variances and covarian@sdr important role in computing household WTP
for price stabilization, table 4 reports the vacestovariance matrix for the prices of the seveplst
commodities. Coffee exhibits by far the most prodatility. Since coffee is also one of only twaops
(along with wheat) where net sellers’ mean netssatdumes exceed net buyers’ mean net purchase
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volumes — recall that net sellers are always prisk averse in the single stochastic price setting
(Finkelshtain and Chalfant 1991; Barrett 1996) esthdescriptive statistics suggest that stabitinatif
coffee prices is more likely to generate welfaragdhan would stabilization of other commodityces.

But that remains an empirical question, and oumedion results actually suggest otherwise.

Empirical Framework
For each commodity, we estimate a reduced formessgpn of the marketable surplus of that commodity
as a function of output prices and household incowith controls for a range of observables and
unobservables. We use district-round fixed efféatsontrol for the input prices and weather coodii
faced by each household in each district in eacimdaas well as for macroeconomic factors such as
inflation, interest rates, the international pridfecommodities, etc. Time-invariant household fixeficts
provide further control for household-specific mmeces, production skill, transactions costs and
biophysical conditions related to location, soaiglationships that may confer preferential pricioig
access to income-earning opportunities, and otbesdhold-specific transaction costs that determine
whether a household is a net buyer of a commodittarkic with respect to it, or a net seller of Haene
commodity (de Janvry et al. 1991; Bellemare anddd8aR006). The use of household and district-round
fixed effects also controls for access to storagdhat our estimates should largely account fatwitile
commodity storage there is in rural Ethiopia (Tadesnd Guttormsen 2011).

We estimate the following marketable surplus fumtdi for the seven commoditiesliscussed in the
previous section:
(9 Mjpr = @ + 0Ykee + Y= €jPjee + Aidi + Tidor + Vike
where an asterisk (*) denotes a variable transfdrogng the inverse hyperbolic sine transformatian
logarithmic-like transformation that allows keepinggative as well as zero-valued observations and
which allows interpreting coefficients as elasi@stsuggested by Burbidge et al. (1988), and used b

MacKinnon and Magee (1990), Pence (2006), and ModsShonkwiler (1993)— and where denotes a
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specific commodity (i.e., coffee, maize, beansldyawheat, teff, or sorghumj k denotes the household,
¢ denotes the district, anidlenotes the roung;, denotes household inconm-; is a vector of the prices of
all (observed) commaodities (includimg d;, is a vector of household dummiek; is a vector of district-
round dummies; and is a mean zero, iid error term.

The estimated coefficient on household incopén equation (9) is the income elasticity of the
marketable surplus of commodityor n; in the notation of equation (3) in our theoreti@mework.
Likewise, the estimated coefficient on prigein equation (9) is the elasticity of the markeeablrplus
of commaodityi with respect to pricg oreg;; in the notation of our theoretical framework.

We estimate equation (9) by seemingly unrelatedessgpns (SUR), since SUR estimation brings an
efficiency gain over estimating the various equatidn the system separately when the dependent
variables are all regressed on the same set adgsgrs. We estimate equation (9) over 1,494 holgsho
across seven periods (i.e., four rounds and theasosis), clustering standard errors at the disévet.

No household was observed over all four rounds thngle seasons; the number of observations per
household ranged from one to $XWe also include all commodity prices availablettie data (i.e.,
coffee, maize, beans, barley, wheat, teff, sorgmotgtoes, onions, cabbage, mitd)a,* sugar, salt, and
cooking oil) as explanatory variables.

Computation of own- and cross-price elasticities. (ithee terms) as well as of income elasticities
(i.e., they terms) is straightforward, as the estimated coeffits on own- and cross-price as well as on
income in equation (9) are elasticities given theerse hyperbolic sine transformation. We then domb

these estimates to obtain the point estimate

~

Mirs ra A
(10) Ay =-2 [6;(; — R) + &;],
whose standard error is obtained by the delta ndetGoven that marketable surplus is often zeropyse
the mean of théf; andM; variables to compute budget sh&®eBecause our data do not allow directly

estimatingR, the coefficient of relative risk aversion, weiestte thed,;; coefficients forR = 1, which is
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well within the range of credible values found e tliterature (Friend and Blume 1975; Hansen and
Singleton 1982; Chavas and Holt 1993; Saha eBa4)

What would the ideal data set to estimate equd8dook like? Ideally, one would want to ensure
statistical independence of prices and income fitwenerror term in the marketable surplus equatith a
thereby obtain causal estimates of the and ¢ elasticity parameters. Randomizing over a
multidimensional vector of prices and income iscfically infeasible, however, as is any other applo
to generating a vector of valid instrumental vaealfor price and income regressors that couldraiise
be endogenous.

The best feasible option for this problem is therefpanel data analysis, which allows controlliog f
unobservable household, district and period charistics. Household fixed effects should controltfee
systematic way in which each household forms itsepexpectations, and district-round fixed effects
should control for departures from the systematiywn which each household forms its price
expectations by accounting for the price informat&vailable to each household in a given districa i
given time period. Likewise, if a household’s stafis a net buyer, autarkic, or a net seller wisheet to
a given commodity is primarily driven by its predaces for producing and consuming that specific
commodity, by innate skill, by location-specificcerwments, or by the household-specific transactions
costs it faces (de Janvry et al. 1991; Goetz 1B88emare and Barrett 2006), these factors areusted
for by the household fixed effect. While this padeata approach does not purge the error term of all
prospective correlation with the explanatory vaealin equation (9), it surely purges much of itl a
ultimately the best one can do in terms of empliigentification on this important empirical questi as
we discuss in greater detail in online appendidstll, we caution the reader against either intetipg
our estimates for the coefficients in equationg®)strictly causal or ignoring crucial policy quess for
which ironclad identification is inherently elusiv&/e subject our estimates to a range of robustiests
as a check on our findings. The core, qualitatindifgs prove invariant to a bevy of robustnesskbe

In the empirical work below, the parameters — the price elasticities of marketahigplus — are

identified by (i) the variation in prices within @ahousehold over time (given our use of housefiodd
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effects); and (ii) the between-district variatioithin a given round and over time for each distfgiven
our use of district-round fixed effects). For exdenphe price of maize is common to all the housgho
in a given district in a given round, so contrdllifor the unobserved heterogeneity between houdghol
and the unobserved heterogeneity between distriotet, the vector of coefficients— the vector of price
elasticities of marketable surplus — is identifleecause prices vary over time for each househald an
because prices also vary between each districtdrboth across space and over time. The identificati
of n — the income elasticity of marketable surplus mase straightforward given that income varies both
within households over time and between househnldgyiven district within a given round.

Conditional on a household’s status as a net bayegarkic, or a net seller of a given commodity, it
purchase or sales of that commodity is driven Isy pteferences and by the household-specific
transactions costs it faces but also by climatit @imer environmental fluctuations that affect prctibn
(Sherlund et al., 2002), which are largely accodiite by the district-round fixed effect, and byoas
and income, for which we control. See online appekdfor an extended discussion of our identifioati

strategy and of prospective sources of bias imesion.

Estimation Results and Hypothesis Tests

This section first presents estimation results thee marketable surplus equation (9) for all seven
commodities retained for analysis. Given that thresellts are ancillary, we only briefly discussrnthso

as to devote the bulk of our discussion to themeded matrix of price risk aversion and, more
importantly, to our estimates of household williega to pay for price stabilization.

Table 5 presents estimation results for the sevarketable surplus equations. Intuitively, one would
expect the own-price elasticity coefficients;, to be positive. That is, as the price of commpodit
increases, households buy less or sell more ofsdrae commodity, depending on whether they are net
buyers or net sellers to begin with. In six casas a seven (coffee, maize, beans, barley, tefl an
sorghum), estimated own-price elasticities of miatile surplus are positive, and those coefficianés

statistically significant in three of those six eagcoffee, maize, and barley). Only one estimated-
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price elasticity (wheat) is negative, which is likelue to the profit effect identified by Singh &kt
(1986). The profit effect concerns the added impactlemand of the income the household enjoys from
the higher price for the commodity it grows; fort sellers with a relatively high income elasticafy
demand (as distinct from marketable surplus) fer ¢tbmmodity, one can get this result. This seems
plausible for wheat in this setting.

Similarly, estimated income elasticity coefficiemtsare positive and statistically significant in six
out of seven cases (coffee, maize, barley, whe#i,dnd sorghum), with the income elasticity oé th
remaining marketable surplus not significantly eliéint from zero. This could partly reflect residual
endogeneity of income as a function of marketabtelas but almost surely reflects the crucial rdsh
income plays in financing productivity-enhancinguts in this setting, such that higher income is
routinely causally associated with higher outputahese it relaxes the liquidity constraint produdarcs
in financing the purchase of inputs, such as fegiland improved seeds, that offer high margieaims
(Dercon and Christiaensen 2011).

We can illustrate the interpretation of coefficeeim table 5 by taking coffee as an example. In tha
case, for a 1 percent increase in the price ofeegfthe marketable surplus of coffee increases.by 0
percent on average as a result of net buyers éée@urchasing less coffee and of net sellers fieeo
selling more coffee. Likewise, for a 1 percent @ase in household income, the marketable surplus of

coffee increases by 0.1 percent.

Price Risk Aversion Matrix
We use the estimation results reported in table Bompute coefficients of own- and cross-price risk
aversion and use these coefficients to constrecirifitrixA of price risk aversion in table 6a.

Because all prices are measured in birr and alhtifies are measured in kilograms, the various
coefficients of price risk aversion in table 5 daa compared to one another. Looking at the diagonal
elements of matriy, it appears that households in the data are orageanost significantly own-price

risk averse over maize (591.46), barley (268.86), teff (124.98) — the commodities with the gretiet
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purchase volumes — and least price risk averse anféze (7.38), wheat (15.09), and beans (31.89). O
the latter three commodities, two — coffee and beahave the lowest mean net sales volumes amang ne
sellers and the lowest mean net purchases volumengnet buyers, as reflected in table 2. Mostlrura
Ethiopians’ price risk exposure to these latter mmities is quite modest, hence the relatively foige
risk aversion coefficient estimates.

The statistical significance and magnitude of tfffedimagonal elements of the estimatddmatrix
underscore the importance of estimating price agrsion in a multivariate context. Indeed, allctR
diagonal elements ofl are statistically significant at the one perceewel. Looking at specific
coefficients, note that when it comes to crosseprisk aversion, the average household in the idata
most price risk averse over the prices of maize taffdreading coefficients as row-column, giver th
positive signs on the maize-teff and teff-maizefficients), and most price risk loving over theqas of
maize and wheat (given the negative signs on theeaveheat and wheat-maize coefficients). In other
words, whereas the average household in the datartidy covariance in the prices of maize and feff
benefits from covariance in the prices of maize aheat. In fact, for maize, those cross-price éffec
clearly dominate the own-price effect. Indeed, niraize-teff (195.78), teff-maize (282.49), maize-athe
(-263.45), and wheat-maize (-241.28) coefficientscimss-price risk aversion are all much larger in
absolute value than the wheat-wheat coefficiemvai-price risk aversion (15.09).

We llustrate the necessity of our multi-commodityproach with the example of teff, given the
positive coefficient (124.98) of own-price risk as®n for teff. First, note that in table 6a, hduses
are, on average, risk averse over the price of Tdfis is thedirect effect of fluctuations in the price of
teff. Recall, however, that the covariances betwwere of teff and the prices of other commoditege
all positive in table 4, so that an increase invblatility of the price of teff is correlated withariation in
other food prices, over which households are eitiséraverse (coffee, maize, and wheat) or risknigv
(beans, barley, and sorghum). This generatemdirect welfare effect of volatility in the price of teff

through its covariance with other food prices. Ttain thetotal welfare effect in the price of teff, one
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needs to consider the coefficient estimates in“teé#” row or the coefficient estimates in the “fef
column of matrix4, as we discuss in the next section.

In addition, we “unpool” the data and present tlagjdnal terms of the matrix of coefficients of own-
price risk aversion for each commodity by splittimg sample between the net buyers and net seilers
table 6b. In that case, we note that net buyerallafommodities but wheat are on average price risk
averse, net sellers of coffee, wheat, teff, andraam are on average price risk averse, while riersef
maize, beans, and barley appear price risk lo@ngverage.

Recall that the theoretical framework implied synmypef matrix A. We thus conduct a Hotelling
(1931) test of multivariate means equality whosk mypothesis of symmetry is such thég: A;; = A;;
for all i # j. Given that there are 21 coefficients on eithele of the diagonal of matrid, the test
contains 21 restrictions and is run over all 85b8evvations, so that tiestatistic of 202.91 for the test
should be compared with thé&'(21,8497) critical value. One restriction is dropped due to
multicollinearity, however, so we comparé€20,8498) critical value. As in most other studies concerned
with testing household rationality (see, for exasp@rowning and Chiappori 1998), and as the reader
will most likely already have inferred from lookirad the off-diagonal coefficient of matrik, we reject

the null hypothesis of household rationality asldsan the one percent level.

Willingness to Pay Estimates for Price Stabilizatio
Recall from above that the WTP for stabilization aofsingle commodity price can be estimated by
considering either the rows or columns of ma#tixf price risk aversion, but that for total WTP tibo
values coincide by construction. Table 7 showsesiEmated average household WTP (expressed as a
proportion of household income) to stabilize thiegs of individual commodities as well as to stabil
the prices of all seven commaodities consideretimadrticle.

We start by estimating WTP ignoring the covarianbesveen prices (Finkelshtain and Chalfant,

1991), an omission that biases downward commogiggiic and total measures of WTP to stabilize
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prices. In that case, note that the commodity-$ige@TP estimates are all statistically significantd
that the average household in the data would benwito give up 17 percent of its income in order t
stabilize the prices of all seven commodities regdifor analysis. If this seems a rather high fglieep
in mind that full price stabilization is practicalinfeasible, so this figure represents an uppembdoon
the welfare gains associated with price stabilati

Looking at the WTP derived from the columnsAfin the second column of table 7, the average
WTP estimates are all statistically significanteTdommaodity for which the average household woeld b
willing to pay the highest proportion of its budgetstabilize the price is coffee with 11 percemtd the
commaodity for which the average household wouldvidéng to pay the smallest proportion of its butige
is beans with -2 percent. In other words, consigethe columns of matrid, the average household in
the data would be willing to give up 11 percenitsfincome to stabilize the price of coffee, buwvauld
need to be paid 2 percent of its income in ordexcteept a stabilization in the price of beans.

Likewise, looking at the WTP derived from the rogfsa in the third column of table 7, the average
WTP estimates are once again all statistically iB@mt. The commodity for which the average
household would be willing to pay the highest pmipa of its budget to stabilize the price is omggin
coffee with 8 percent, and the commodity for whilth average household would be willing to pay the
smallest proportion of its budget is barley, lésmt1 percent.

Ultimately, columns 2 and 3 of table 7 suggest that average household in the data would be
willing to give up 18 percent of its income in orde simultaneously and completely stabilize thegs
of coffee, maize, beans, barley, wheat, teff, amgtsum. That estimate is statistically significabtthe
one percent level, which suggests aggregate wilsg to pay to stabilize food commodity pricesuiralr
Ethiopia under the assumption that the averageginmld’s coefficient of relative risk aversién= 1.

The reader might wonder why there is a seemingadittion between the magnitude of the estimate
coefficients of price risk aversion in matdxin table 6a, in which the average household se¢medre
most about food staples (i.e., maize, barley, teff)l the magnitude of the estimated WTPs for price

stabilization in table 7, in which the average lehdd seems to care most about a nonstaple @féeg.
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The discrepancy between the coefficients in matremd the WTP measures is due to the fact that while
the WTP measures in equations (7) and (8) incluge$p variances and covariances, the coefficiehts o
price risk aversion in equation (3) do not inclulese variances and covariances. So although haldseh
are a priori relatively less risk averse with respect to theerof coffee than they are for other
commodities, the fact that their WTP to stabilike price of coffee dominates their WTP to stabitize
prices of other commodities is due to the consldgranore volatile price of coffee. In other words,
whereas equation (3) denotes preferences for nargadeoffs in price risk, equations (7) and (8)ick
the WTP as a combination of those preferencestanchagnitude of the price risks involved.

In order to be more specific about the distributddnhe welfare gains from price stabilization,urg
1 plots the results of a second-degree fractioogimial regression of the estimated householaifpe
WTP to stabilize the prices of all seven commoditi@ household income, along with the associated 95
percent confidence bastiFigure 1 indicates that although the average WoTBtabilize the prices of
coffee, maize, barley, beans, wheat, teff, andsorgall at once is positive at all levels of income
households are willing to give up an increasing ama@f their income in order to stabilize priceslasy
get wealthier. This goes against the conventiorisdiom that holds that the poor in developing caastr
are the ones who are most hurt by price volatility.

The intuition behind the result in figure 1 is tlsiice producers are more likely to be hurt byepric
volatility (Sandmo, 1971), and since the wealthieuseholds in our data are more likely to be predsc
a positive relationship naturally arises betweecoine and WTP to stabilize prices. The fact that
relatively wealthier rural households appear to Hugt more by price volatility than poorer rural
households may also go a long way toward explairirey political economy of food prices in the
developing world, where commodity price stabilinati- in the sense of dampening variance, rather tha
reducing the likelihood of price spikes — is usyallconcern of food producers, who tend to beivelt
wealthier rural households, rather than of foodscmmers (Lipton 1977; Bates 1981; Barrett 1999;

Lindert 1991; van de Walle 2001).
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Limitations

The theoretical derivations and the empirical frenmek provide a useful methodology with which to
study the welfare impacts of price volatility. Likise, the results in this section illustrate thepeioal
application of the methodology. Those results, hawesuffer from important limitations that needo®
acknowledged and discussed.

First, recall that we have assumed away other ssurt volatility (income, output, etc.) in order to
focus solely on price risk aversion, i.e., on thelfare impacts of price volatility. But recall that
applied microeconomics, welfare is representechbyintdirect utility function, which depends on btile
prices faced by the individual or household as aglbn the individual or household’s income. Ineori
present a complete picture of risk aversion, tloere, would need to take into consideration the tiaat
income is also stochastic. As derived in onlineamalix A and discussed in the theoretical framewibr,
calculations here are only valid if other stoclasturces of income are uncorrelated with pricle fis
happens that none of the bivariate correlationfmefts between prices and income in the ERHS data
are statistically significantly different from zead the ten percent level, but independence caratiken
for granted.

Second, in the expected utility (EU) framework that adopt in this article, the welfare costs ok ris
generally tend to be of second order. As one remielelpfully pointed out, this leads to well-known
issues such as the apparent low welfare cost ofraeasnomic volatility. If we take those issues
seriously, however, it may mean that the welfarstcmf volatility are much higher than normally
acknowledged (Grant and Quiggin 2005). So whileBEbeframework is a convenient tool with which to
analyze behavior, it is far from perfect, as therditure on behavioral anomalies with respect  an
departures from the EU framework demonstrates.r€action of the symmetry implication of the matrix
of price risk aversion coefficients reinforces astvditerature that calls into question canonical
assumptions of neoclassical consumer and prodbheeryt. Extending the analysis of price risk aversio

to more general models of behavior is an interggtipic for future research.
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Third, the methodology developed in this articldyoaccounts for the static costs of volatility. But
there are also dynamic costs, which may be mucle nmyportant. For example, households may decide
to withdraw their children from school, forgo soin@estments in health, or draw down their assets in
order to maintain a specific level of consumptifterafood price shocks (Carter and Barrett 200@ede
coping behaviors may have long-term consequencésusehold welfare which our methodology cannot
capture. So while our empirical results give udimpgse of the generally negative impacts food price
volatility can have on welfare, they provide anamplete picture. Nesting analysis of the welfafecf
of price volatility within a structural dynamic meld— especially one with prospective nonlinearitiest
might give rise to poverty traps — would represantmportant extension of the current model.

Lastly, keep in mind the empirical concerns ideésdifin the empirical framework. While our use of
panel data allows controlling for much prospecttatistical endogeneity and is ultimately the st
can do in this class of problem, we once againicauhe reader against interpreting table 5's estig®
for the coefficients in equation (9) as strictlyusal. We encourage readers to focus less on tlgsere
quantitative estimates than on the core qualitdindings: the average rural Ethiopian householprise
risk averse over these seven commodities, but thiéare loss due to commodity price volatility is

increasing in income.

Robustness Checks

An anonymous reviewer and the editor in charge @raged us to discuss the robustness of our results.
a previous version, instead of applying the invengperbolic sine transformation to all marketable
surpluses, prices, and incomes, we regressed rabl&eturpluses in levels on the logarithms of price
and incomes. Doing so led to results that were sdraesimilar to those in figure 1, with the excepti
that, on average, households in the left tail efitttome distribution appeared price risk loving.(ithey
had a negative WTP for price stabilization) rattiam price risk averse, as in figure 1. The finditigat
average WTP for price stabilization is positive amdthe order of 15-20 percent, and that it inaeas
with income, however, were present even in thatipts version.
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Figures 2 to 4 show the results of additional rifess checks which were conducted using robust
regression techniques: robust regression usinativety reweighted least squares (Li 1985), Hubbfts
regression (Huber 1973), and Rousseuw and YohaBsré@ression (Rousseuw and Yohai 1987). Note
that in every case, our core qualitative resultaaia, i.e., WTP for price stabilization is everywe
positive and increasing in income. Table 8 sumrearaverage WTPs to stabilize all seven prices sicros
those regression methods, both ignoring and inctudovariances.

Lastly, recall that the inverse hyperbolic sinengfarmation includes a scale paramétet 1 which
we had set equal to 1 everywhere. We conduct additirobustness checks by re-estimating everything
for 6 € {0.001,0.01,0.1,0.05,2} and present the results of those robustness chedigaires 5 to 9.0nce
again, note that in every case, our core qualgatasults remain, i.e., WTP for price stabilizatisn
everywhere positive and increasing in income.

Taking stock of how robust our findings are, weenthtat most robust of our findings are that (i) the
average welfare loss incurred due to price volatii alternatively, WTP for price stabilization s i
positive, consistent with conventional wisdom, bigo that (ii) it is increasing in household income
these data, which runs counter to conventional evisdbn the welfare impacts of commodity price

volatility.

Conclusions

This article has considered the distributional efiéf a pure stabilization policy for the pricesstaples

in a typical developing-country setting. This coempknts studies by Helms (1985) and Wright and
Williams (1988), who both provide numerical assessis of the welfare costs of price instability. Our
contribution is mainly methodological, developingreethod with which to study the impacts of price
volatility on the welfare of agricultural househslth developing countries. Our empirical illustoati
suggests that price stabilization yields net welfgains in rural Ethiopia, but in a distributionyall
regressive fashion. This contrasts with the conigaat wisdom in current food policy debates, which

commonly conflates increases in mean food priceghieh clearly hurt poor net food buyers — with
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increased fluctuations around the (perhaps higheran (Barrett and Bellemare 2011). Our approach
allows isolating and estimating the welfare effeaftfood price volatility.

Specifically, we first derived a matrix measurig tcurvature of the indirect utility function ineth
hyperspace defined by the prices faced by agri@lltiouseholds. The elements of this matrix deecrib
own- and cross-price risk aversion, which respedtivelate to the direct impacts of a price’s iyt
(i.e., the variance of the price of each commoditywell as its indirect impacts through othergsid.e.,
the covariance between the prices of all commajitten household welfare. We have also shown how
testing for the symmetry of the matrix of pricekriaversion coefficients is equivalent to testing th
symmetry of the Slutsky matrix.

In the empirical illustration portion of the ariclwe estimate the matrix of price risk aversion
coefficients using panel data from rural Ethiophe find that the households in the data are onaaeer
significantly price risk averse over the pricesspecific commodities as well as over covolatilitythe
prices of the same commodities. We also rejecthilpothesis of symmetry of the matrix of price risk
aversion, consistent with rejecting symmetry of Shetsky matrix.

More importantly, assuming a coefficient of relatiiincome) risk aversion equal to 1, we find timat i
these data, the average household’'s WTP to fudilgilste commodity prices at their means is about 18
percent of its income. This may very well explaovgrnments’ frequent interest in price stabilization
average, households stand to benefit from it. Noapatric analysis of household-specific WTP
estimates, however, indicates that the benefitsrick stabilization are increasing in householdbime,
suggesting a distributionally regressive benefitidence from price stabilization policy. Given the
renewed interest in this topic among policy makdraational and international levels, the compled a
heterogeneous welfare effects of multivariate couwtitgoprice volatility appears a topic that merits

further exploration.
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! An August 13, 2010, LexisNexis search turned wp 5l articles, 2000-2005, on “commodity price
stabilization,” or variants replacing “commodity’itv “food” or “stabilization” with “stability” or
“volatility,” but 266 articles on the same searehs over the (slightly shorter) 2006-10 period.

% For example, note that there is no unique “foadept Although there exist food price indices (ethe
FAQO'’s Food Price Index), any index necessarily aggtes prices and suppresses variance using an
arbitrary weighting scheme that almost surely dessnatch that of the households under study. See
Tveterds et al. (2012) for a recent discussiomefissues surrounding the aggregation of pricesant
single index.

® Throughout this article, we assume away fluctumatim income (and thus in output) in order to foons
price risk aversion. Looking at both price and imeorisk aversion simultaneously would allow us to
study risk aversion in multiple dimensions, i.gtitades with respect to uncertainty over both gsiand
income. That topic is left for further research.

* The issue of commodity price volatility is oftarektricably linked in the public’s mind with the neo
directly observable issue of rising commodity psic€his article sets aside the issue of rising codity
prices (i.e., increases in the mean of the didivbhwf commaodity prices) to focus on the volailif
commodity prices (i.e., the variance of the disttitn of commodity prices). Economists have had a
good understanding of how changes in mean foo@préfect welfare ever since Deaton’s (1989)
seminal work on the topic.

® In Sandmo’s (1971) case, this is due to the ngksion of the firm’s owner.

® We caution the reader against interpreting ourehas dynamic. This is because the “dynamic” aspect
is with respect to the resolution of uncertaintythvexpectations denoting “first-period” (i.ex antg
variables. Inversely, the absence of expectatienstes “second-period” (i.eex pos} variables.

" Commodity prices can also fluctuate together beealiey are subjected to correlated shocks. In this

article, we abstract from studying the impactsuafisshocks.
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® The measures derived in this section are partitilé sense that they only stabilize prices fartsst of
the (potentially infinite) set of commodities consed and produced by the household.

° The assumption that income is statistically inaejeat of commodity prices holds in the data used in
this article, where the bivariate correlation cmédints between income and any of the commodityesri
varies only between -0.0288 and 0.0231, and nosigmsficant at the ten percent level.

° These data are made available by the Departmdftafomics at Addis Ababa University (AAU), the
Centre for the Study of African Economies (CSAEDatord University, and the International Food
Policy Research Institute (IFPRI). Funding for ded#ection was provided by the Economic and Social
Research Council (ESRC), the Swedish Internatibeaklopment Agency (SIDA) and the US Agency
for International Development (USAID). The prepamatof the public release version of the ERHS data
was supported in part by the World Bank, but AAISAE, IFPRI, ESRC, SIDA, USAID, and the World
Bank are not responsible for any errors in thesa diafor their use or interpretation.

! Ethiopia is subdivided into eleven zones subdiviio districts, which are roughly equivalent to
counties in the United Kingdom or United States.

12 Within-round variation in seasons occurred onlf@94a and 1997. Because the season was not
specified for the 1994b and 1995 rounds, we cacmaitrol for seasonality in our empirical analysis.

3 The original data included several outliers wigbpect to the marketable surpluses of the seven
commodities we study. These outliers caused cepicentage values (e.g., the WTP measures below)
to lie far outside the O to 100 percent intervad.aAremedy, for each of the seven marketable seplu
used below, we kept only the 99 percent confidemiegval (i.e., + 2.576 standard deviations) arothel
median, the mean being too sensitive to outliers this dropped 188 observations. Generally, those
outliers were households whose net purchases (rih#ue net sales) were excessively large, suggestin
either measurement error or the inclusion of pusebdhat were for multiple household groups or as
inputs into household food processing enterprised,not for single household consumption. For each

crop, we dropped only one or two observation duexteessively large net sales.
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* There were no cases where a household boughéthd sommodity in the exact same quantities.
15 As of writing, US$1= Birr 9.43.

'8 Under the IHS transformation, each varialafe= In (xijk+(xl-2jk + 8)'/2), whered = 1, as is the
custom in the existing literature that employs IHiB8e advantage of the IHS transformation is thtatims
the desirable properties of the log transformatitiie allowing to keep negative and zero-valued
observations rather than simply drop them. We esisitivity analyses that allow for

6 € {0.001,0.01,0.1,0.5, 1, 2}, and found no difference whatsoever in our com@itpiive results.

" Subscripts on coefficients thus denote coefficdram specific commodity equations.

18 By controlling for household unobservables, the ofsfixed effects controls for the possible setect
problem posed by households for which we only lane observation through time (Verbeek and Nijman
1992).

¥ Tellais a traditional Ethiopian beer made from teff anaize.

2 Many households have a reported income of zeraescompute budget shares using the average
income in the data rather than household-specifiorne measures.

2L We refer readers interested in using fractiongymmmial regressions to Royston and Altman (1997),
who prove a good discussion of both the methodedkas of its usefulness. See Henley and Peirson

(1997) for an economic application.
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Table 1: Seasonal Descriptive Statistics for Crop lerketable Surplus (Full Sample, in Kilograms) (n=83.8)

Nonzero
Crop Mean (kg) (Std. Dev.) Median (kg) Min Max Observations
Coffee -13.36  (87.36) -6.53 -2662.20 1200.00 6744
Maize -121.57 (364.54) 0.00 -3915.00 3208.50 3966
Beans -40.39 (95.63) 0.00 -717.75 600.00 3030
Barley -88.76 (367.04) 0.00 -3915.00 3050.00 2825
Wheat -64.82 (279.28) 0.00 -3915.00 5000.00 2796
Teff -100.92 (335.37) 0.00 -3593.03 3225.69 2666
Sorghum -38.82  (204.00) 0.00 -1688.00 1600.00 1712

Table 2: Seasonal Descriptive Statistics for Crop krketable Surplus (Nonzero Observations, in Kilograns)

Crop Net Buyer (Std. Dev.) Number of  Net Seller  (Std. Dev.) Number of Net
Mean Net Buyer Mean Seller
Marketable Observation Marketable Observations
Surplus S Surplus
(kg) (kg)

Coffee -23.44 (95.64) 6206 57.92 (95.02) 538
Maize -397.18 (438.32) 3115 231.55 (388.10) 851
Beans -127.14 (122.91) 2848 90.70 (95.32) 182
Barley -459.27 (553.31) 2097 279.81 (329.47) 728
Wheat -296.70 (337.00) 2420 434.74 (620.52) 376
Teff -471.03 (453.10) 2136 269.06 (432.08) 530
Sorghum -349.56 (320.29) 1313 317.96 (290.27) 399
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Table 3: Seasonal Descriptive Statistics for the tlependent Variables (n=8518)

Crop Mean Std. Dev. Median Min Max
Real Prices

Coffee (Birr/Kg) 13.32 (5.20) 11.96 3.58 26.69
Maize (Birr/Kg) 1.29 (0.38) 1.25 0.66 2.86
Beans (Birr/Kg) 1.88 (0.43) 1.86 1.03 3.15
Barley (Birr/Kg) 1.50 (0.41) 1.48 0.66 2.53
Wheat (Birr/Kg) 1.74 (0.33) 1.70 0.92 2.48
Teff (Birr/KQ) 2.28 (0.40) 2.36 1.03 3.26
Sorghum (Birr/KQg) 1.52 (0.42) 1.40 0.72 2.61
Potatoes (Birr/Kg) 1.52 (0.74) 1.63 0.27 4.14
Onion (Birr/Kg) 1.97 (0.78) 2.03 0.41 4.14
Cabbage (Birr/Kg) 0.92 (0.68) 0.95 0.14 5.06
Milk (Birr/Kg) 2.09 (0.88) 1.91 0.87 6.32
Tella (Birr/Kg) 0.69 (0.25) 0.57 0.27 1.63
Sugar (Birr/Kg) 5.85 (2.08) 5.64 1.27 10.87
Salt (Birr/Kg) 1.70 (1.02) 1.41 0.69 5.86
Cooking Oil (Birr/Kg) 9.14 (2.60) 8.79 3.26 15.25
Income

Income (Birr) 886.17 (9869.70) 271.62 0.00 8206@5.8
Nonzero Income (Birr) 1087.35 (10922.88) 403.32 40.6820625.80
Budget Shares of Marketable Surpluses

Budget Share of Coffee -0.15 (2.07) -0.09 -0.99 90.9
Budget Share of Maize -0.13 (0.41) 0.00 -1.00 0.99
Budget Share of Beans -0.07 0.17) 0.00 -1.00 0.91
Budget Share of Barley -0.12 (0.53) 0.00 -1.00 0.99
Budget Share of Wheat -0.11 (0.44) 0.00 -0.99 0.96
Budget Share of Teff -0.21 (0.70) 0.00 -0.99 0.99
Budget Share of -0.06 (0.33) 0.00 -1.00 1.00
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Sorghum

Note: Because prices were measured once per seasgandistrict level rather than at
the household level, there are fewer than 851& mixservations.

42



Table 4: Seasonal Variance-Covariance Matrix of Commodity Prices Over the Four Rounds Retained for Anlysis
Coffee  Maize Beans Barley Wheat Teff  Sorghum

Coffee 27.05

Maize 0.46 0.15

Beans 0.25 0.05 0.19

Barley 0.29 0.03 -0.04 0.17

Wheat 0.13 0.04 0.05 0.05 0.11

Teff 0.00 0.06 0.06 0.06 0.06 0.16

Sorghum 0.18 0.05 0.00 0.06 0.06 0.03 0.17

Note: All covariances are measured in monetarysdira., birr).
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Table 5: Seasonal Marketable Surplus Equation Estimtes (n=8518)

) 2 3 4) ®) (6) (7)
Variables Coffee Maize Beans Barley Wheat Teff Solyim
Dependent Variables: Marketable Surplus of Each Comnodity
Price of Coffee 0.536** 3.340*** 0.656** -1.692*** 0.191 1.210%*** 0.428
(0.230) (0.444) (0.290) (0.417) (0.385) (0.362) (0.325)
Price of Maize -0.330 4.330*** 0.545 0.316 -5.131%** 3.472%** 0.300
(0.460) (0.889) (0.581) (0.835) (0.771) (0.725) (0.651)
Price of Beans -0.697 -4.414%** 0.933 2.571* -1.304 -0.105 -0.595
(0.578) (2.117) (0.731) (1.049) (0.969) (0.911) (0.818)
Price of Barley -2.013*** 0.365 0.361 1.835** -1.138 -0.478 2.878***
(0.469) (0.905) (0.592) (0.850) (0.785) (0.738) (0.663)
Price of Wheat -1.469*** -4.009*** 5.147*** 3.758*** -1.368 1.065 -2.961***
(0.525) (1.015) (0.664) (0.953) (0.880) (0.827) (0.743)
Price of Teff 5.880*** 3.268* -1.649 -3.468** 7.600*** 0.092 -0.587
(0.905) (1.748) (1.143) (1.641) (1.516) (1.425) (1.280)
Price of Sorghum -2.432%** 2.415* -3.625*** -6.457*** 2.097** -2.544%** 0.370
(0.549) (1.060) (0.693) (0.995) (0.920) (0.864) (0.776)
Price of Potatoes -0.198 -1.187*** 1.053*** -0.332  1.107*** 0.013 -1.178***
(0.143) (0.277) (0.181) (0.260) (0.240) (0.226) 203)
Price of Onions 0.357 3.730*** -1.587*** -2.661*** -0.592 1.877*** 0.959
(0.460) (0.889) (0.581) (0.835) (0.771) (0.725) 651)
Price of Cabbage -0.569*** 0.036 -0.481** -0.094 3 0.340 0.709***
(0.192) (0.370) (0.242) (0.348) (0.321) (0.302) 21@)
Price of Tella 0.006 7.005%** 0.014 -1.249 -4.136**  2.479*** 0.643
(0.436) (0.843) (0.551) (0.791) (0.731) (0.687) 61Td)
Price of Milk 1.254* -2.919** 3.358*** 4.615%** 0.43 4.714%** -1.815*
(0.698) (1.348) (0.882) (1.266) (2.170) (2.099) o8T)
Price of Sugar 0.178 0.558* 0.536** -0.385 1.215%**  -2.474*+* -0.572**
(0.170) (0.328) (0.215) (0.308) (0.285) (0.267) 24D)
Price of Salt 0.102 2.759%*+* -1.175%** -0.660 -0.26 0.965* -0.356
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(0.345) (0.667) (0.436) (0.626) (0.578) (0.543) 488)

Price of Cooking Oil 0.447 -0.216 -2.624*** -2.498* 1.610** -0.469 1.372*
(0.443) (0.855) (0.559) (0.803) (0.742) (0.697) 60B)
Household Income 0.115%** 0.180*** 0.015 0.215%** .016 0.143*** 0.111%**
(0.009) (0.017) (0.011) (0.016) (0.014) (0.013) 012)
Constant -0.000 -0.000 0.000 0.000 0.000 -0.000 00@.
(0.016) (0.030) (0.020) (0.028) (0.026) (0.024) 0p2)
Observations 8,518 8,518 8,518 8,518 8,518 8,518 5188,
R-squared 0.174 0.171 0.098 0.157 0.091 0.197 0.126

Note: Standard errors in parentheses. *** p<0.01p<0.05, * p<0.1. Estimated intercepts are eqaaldro due to the centering of data
necessary to account for household fixed effect @rice and income elasticities are in bold.
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Table 6a: Estimated Matrix of Price Risk Aversion br Relative Risk AversionR =1 (N = 8518)

Coffee Maize Beans Barley Wheat Teff Sorghum
Coffee 7.200 -1.865 -4.854 -17.834 -10.862 38.506 -21.604
(1.528) (0.229) (0.306) (1.607) (0.829) (2.544) (1.709)
Maize 40.283 619.379  -291.741 37.066 -269.469 194.685 210.238
(1.450) (20.738) (9.414) (1.810) (9.594) (6.615) (7.506)
Beans 2.951 19.307 31.923 18.214 128.988 -22.697 -96.824
(0.109) (0.548) (0.936) (0.750) (3.363) (0.714) (2.471)
Barley -9.887 27.202 127.682 227.309 219.168 -117.312 -372.571
(0.528) (1.895) (5.700) (10.612) (10.098) (5.323) (16.955)
Wheat 2.235 -239.443 -42.106 -37.143 23.787 229.359 94.698
(0.147) (14.714) (1.982) (2.769) (5.973) (11.204) (5.048)
Teff 13.812 305.788 2.280 -24.684 81.363 102.842  -166.878
(0.530) (11.756) (0.541) (1.809) (3.273) (5.234) (6.243)
Sorghum 2.144 11.641 -9.884 85.849 -62.620 -6.230 45.352
(0.135) (0.961) (0.661) (4.459) (3.522) (0.753) (2.173)

Note: Each cell presents a mean coefficient ofeprisk aversion for the relevant commodities. Stadd
errors are in parentheses. Diagonal elements drelihand denote own-price risk aversion, i.e.,wedfare
impact of variance in the price of a given commpdiDff-diagonal elements denote cross-price risk
aversion, i.e., the welfare impact of covariancevieen the prices of two commodities. A positivegaieve)
coefficient indicates that the average househokkdo(gains) from variability in the prices of the
commodities considered by a given cell.
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Table 6b: Mean Coefficient of Price Risk Aversiondr Relative Risk AversionR = 1 for Net Buyers and Net Sellers

Net Sellers Net Buyers

Mean (Std. Err.) Mean (Std. Err.)
Coffee 7.743 (61.032) 9.257 (164.452)
Maize -834.125 (1323.370) 1928.369 (2594.919)
Beans -32.239 (24.858) 97.848 (125.645)
Barley -208.385 (249.934)  996.200 (1756.375)
Wheat 899.277 (2214.627) -54.926 (436.023)
Teff 196.587 (702.984) 363.186 (844.835)
Sorghum 81.144 (220.140) 270.510 (430.648)

Note: Each cell presents a mean coefficient of pwice risk aversion
for the relevant commodity. Standard errors arepamentheses. A
positive (negative) coefficient indicates that theerage household
loses (gains) from variability in the price of tbemmodity. Standard
errors are in parentheses. All values are staitisignificant at the 1
percent level.
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Table 7: Estimated WTP for Price Stabilization

Ignoring

Including Covariances,

Including Covariances,

Covariances Row-Based Column-Based
Std.
Commodity WTP I(Err.) WTP (Std. Err.) WTP (Std. Err.)
Coffee 0.091 *** (0.019) 0.107 *** (0.019) 0.080 *** (0.019)
Maize 0.042 **  (0.001) 0.052 *** (0.002) 0.058 *** (0.002)
Beans 0.003 *** (0.000) -0.019 *** (0.001) 0.008 *** (0.000)
Barley 0.018 ***  (0.001) 0.015 **= (0.001) -0.004 *** (0.001)
Wheat 0.001 *** (0.000) 0.007 *** (0.001) 0.007 *** (0.000)
Teff 0.008 ***  (0.000) 0.024 **= (0.001) 0.024 *** (0.001)
Sorghum 0.004 *** (0.000) -0.008 *** (0.001) 0.005 *** (0.000)
Total 0.167 ***  (0.019) 0.179 *** (0.019) 0.179 *** (0.019)
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Table 8. Robustness Checks on Average WTP

WTP
Price Covariances (Proportion of Income) (Std. Err.)
Huber’s M-Estimator
Ignoring Covariances 0.193 (0.020)
Including Covariances 0.184 (0.020)
Rousseuw and Yohai's MS-Estimator
Ignoring Covariances 0.144 (0.022)
Including Covariances 0.218 (0.022)
Robust Regression
Ignoring Covariances 0.172 (0.019)
Including Covariances 0.127 (0.018)
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